Abstract: Some synthetic features of the IPy 2 BF 4 reagent are presented. Among others, its utility to promote unusual 'carbon-carbon' coupling processes will be discussed. Furthermore, the unique iodinating ability of this reagent towards aromatic and other unsaturated systems will be summarized.
Addition is the usual outcome of the reaction of IPy 2 BF 4 with alkenes. However, starting from vinylsilanes an easy substitution process occurs, resulting in a very efficient and simple procedure for the iodo-silicon exchange from E 2a, and Z 2b monosubstituted trimethylsilylalkenes, giving rise stereospecifically to the formation of compounds 3a and 3b, respectively (Scheme 2) [5] . Otherwise, this is known to be an elusive transformation.
Interestingly, the reagent is also an efficient iodinating agent promoting addition reactions of alcohols to the same alkenylsilanes furnishing compounds 4 (Scheme 3), by simply running the transformation in the presence of the corresponding alcohol as cosolvent [6] . The resulting adducts can be dehydroiodinated with the tertiary base 1,8-diazobicyclo [5.4 .0]undec-7-ene (DBU), giving the stereochemically well-defined trisubstituted enol ethers, in a stereospecific manner.
The same sequence, but requiring t-butyldimethylsilyl derivatives, gives aryl-substituted enol ethers. Adducts 6a and 6b are stereospecifically formed [6] , now by a syn addition (Scheme 4).
It was reported that the IPy 2 BF 4 reagent promotes electrophilic addition of iodine and nucleophiles to alkynes in a similar way, a process where the stereochemistry of the resulting alkenyliodides relies on the structure of both the alkyne and the nucleophile [7] . These functionalization reactions can be equally achieved using heteroatom-substituted alkynes as iodonium acceptors. The regiochemistry of the products formed upon addition to these substrates nicely illustrates the electronic tuning of the process (Fig. 1) [8] . Thus, 1-iodoalkynes are transformed into 2-functionalized-1,1-diiodoalkenes, whereas for alkynylsulfides the regiochemistry switches, yielding the corresponding 2-iodovinylsulfides [8b]. A remarkable feature of the reagent relates to its usefulness mediating carbon-carbon coupling reactions. It was shown that, at low temperature, IPy 2 BF 4 promotes novel types of Friedel-Crafts-like coupling reactions between alkenes or alkynes and arenes or another unsaturation [9, 10] , as outlined in Scheme 5 for the conversion of compounds 8-10 into 15, 16 (requiring trifluoromethane sulfonic, rather than tetrafluoroboric acid) and 17, respectively.
Further studies directed to explore the potential of the reagent for the coupling of alkynes are also outlined in Scheme 5. The conversion of iodoalkyne 12 into the dimer 18 is an example of the potential of IPy 2 BF 4 to selectively promote a homocoupling reaction, corresponding in this case to a head-to-tail mode, from this type of heteroatom-substituted alkyne [11] . This process, though limited to aryl and to alkenyl substituted alkynes, is relevant because transition metal complexes, the standard catalyst for coupling reactions of alkynes, do not offer an alternative to accomplish this transformation from that starting material. Besides, as the dimerization of 2-aryl-1-iodoalkynes is catalytic in the iodonium source, it represents another example of 'atom economy' transformations [12] .
Modifying the heteroatom substituent on the starting alkyne, moving from iodine to silicon (as a tertbutyldimethylsilyl group), and optimizing conversion time and temperature, the reaction with IPy 2 BF 4 leads almost quantitatively to a different head-to-tail dimer, as depicted in Scheme 5 for the conversion 13-19 (now the molar ratio alkyne:IPy 2 BF 4 :HBF 4 is 1:1:1) [13] . The enyne, contains two different heteroatoms at C-1, and is formed with control over both, regio-and stereochemistry. Moreover, at higher temperatures, 19 or the enyne 21 (prepared from a modification of the above described dimerization, yielding the cross-coupling product from 4-Cl-C 6 H 4 CϵCTBDMS and PhCϵCI) further react with IPy 2 BF 4 giving the diiodo compounds 22 and 23, respectively (Scheme 6) [13] . The evolution of this transformation was monitored by 1 characterized, providing support for the remarkable regio-and stereocontrol observed in the reaction. Also, of synthetic interest, is the fact that enyne 19 can be used to easily elaborate enediyne fragments. Thus, 25 was synthesized in three steps from phenylacetylene, comprising conversion of C(sp)-H into C(sp)-SiMe 2 Bu t , dimerization mediated by IPy 2 BF 4 (Scheme 5), and palladium catalyzed coupling with TMSA (trimethylsilylacetylene) (Scheme 6)
The use of phenylsulfide as a masking functionality for the C(sp)-H bond has resulted in the discovery of a new and valuable synthetic sequence. Using this activating group, alkynes with aliphatic side chains, as the case of ␣,-diynes, react efficiently with IPy 2 BF 4 , a process that fails using the related iodo-and silyl substituted precursors. The conversion of 14 into 20 (Scheme 5) upon treatment with IPy 2 BF 4 happens very rapidly at ¹80 ЊC, again only one equivalent of acid is used in this case to activate the reagent [14] . The cyclization mode corresponds to an exo-endo approach of the alkyne components [15] , an unusual process (most transition-metal mediated cyclizations take place according to an exo-exo alkyne coupling) [16] that has been almost exclusively reported when the alkyne components are constrained inside macrocyclic structures [17] , or in polymerization processes prompted by metathesis catalysts [18] . The formation of the reaction product involves two transformations, first an alkyne-alkyne coupling occurs then, the intermediate ion is trapped by the aryl ring of the phenylsulfide group to give the tricyclic structure, in a Friedel-Crafts-like ring closure, defining a new domino sequence [19] .
As a common feature, the coupling reactions depicted in Scheme 5 incorporate the iodine atom that promotes or catalyzes the transformation into the assembled skeleton, thus making possible its eventual use as a building-block [13, 14] and, in that sense, establishes a net difference of this approach with most other synthetic approaches to these targets, mainly organometallic, in which an hydrogen rather than an iodine is placed in the structure of the final reaction product.
The unique iodinating capability of the reagent towards aromatic systems represents another significant characteristic of its reactivity. In fact, using IPy 2 BF 4 it is possible to accomplish, at room temperature, the monoiodination of a wide set of representative arenes, as illustrated Scheme 7 [20] [21] [22] .
The reaction with several model compounds [20] includes successful examples of iodination of very reactive molecules, such as the acid-labile indole nucleus 28, and aromatic compounds with electron releasing substituents, such as anisole (see conversion of 26 into 32). Under virtually the same conditions, arenes substituted by electron withdrawing groups (see conversion of 30 and 31 into 36 and 37, respectively) can be efficiently iodinated, by simply extending the reaction time. Also of interest, is the iodination of substituted anilines on a multigram scale, that has allowed us to establish a new protocol to synthesize 5-and 5,7-disubstituted indoles from commercially available anilines [21] . The iodination has been also applied to label aromatic amino acids (see conversion of 29 into 35, Scheme 7) and bioactive peptides, either in solution [22] or in the solid phase [23] .
In summary, the IPy 2 BF 4 reagent combines great synthetic potential to solve basic organic transformations with the capability to delineate novel coupling reactions with great selectivity and,
